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SECTION 1

Introduction

This Remedial Investigation (RI) report presents the data and findings obtained from
Phase II investigation activities conducted to characterize the nature and extent of
contamination and to assess potential risks to human health and the environment at the
Naval Environmental Restoration Program (NERP) Installation Restoration (IR) Site 6,
located at the Naval Weapons Station (WPNSTA) Yorktown, in Yorktown, Virginia
(Figure 1-1). Site 6, the Explosives Contaminated Wastewater Impoundment, Flume Area,
Excavation Area, and Buildings 109, 110, and 501 discharged wastewater potentially
containing explosives and solvents from 1942 to 1975.

This report was prepared under the United States Department of the Navy (Navy), Naval
Facilities Engineering Command (NAVFAC) Atlantic Division, Comprehensive Long-Term
Environmental Action Navy (CLEAN) 1000, Contract N62470-08-D-1000, Contract Task
Order (CTO) WE-18, for submittal to NAVFAC, United States Environmental Protection
Agency (USEPA) Region 3, and Virginia Department of Environmental Quality (VDEQ).
The Navy, USEPA, and VDEQ work jointly as the WPNSTA Yorktown Tier I Partnering
Team.

Historical investigations conducted at Site 6 from 1984 to 1998 led to a Record of Decision
(ROD) for soil and sediment in 1998 (Baker, 1998d). However, the ROD specified that the
remedy of long-term monitoring (LTM) for groundwater, surface water, and sediment
would not be the final remedy for these media. The Partnering Team agreed to further
address groundwater at WPNSTA Yorktown using a two-phase approach. The Site 6 Phase I
RI was conducted in 2004, and included a comparison of site data to background values and
screening criteria to determine if the site needed further characterization. The Phase I RI
report concluded that groundwater at Site 6 is contaminated with chlorinated volatile
organic compounds (VOCs), explosives, and inorganic constituents and that these chemicals
had not been fully characterized at the site. The report recommended additional
characterization and quantification of potential risks. Results of the Phase I RI were included
in the report titled Final Phase I Remedial Investigation Report for Groundwater at Sites 1, 3, 6, 7,
11, 17, 24, and 25 (CH2M HILL, 2007).

Phase II Rl investigation activities were conducted from March to September 2009 to further
characterize the extent of contamination and support an assessment of potential
environmental and human health risks associated with exposure to site media at Site 6. Field
activities were conducted in accordance with the work plan titled Phase II Remedial
Investigation Work Plan for Groundwater at Sites 1, 3, and 6 and Long-term Monitoring Work Plan
for Site 7, Naval Weapons Station Yorktown, Yorktown, Virginia (CH2M HILL, 2008).

1.1 Objectives and Approach

The objective of the Phase II RI was to sufficiently characterize the nature and extent of
potential contamination in groundwater, surface water, and sediment, and to assess the
potential risks posed by this contamination to human health and the environment. This

ES051810203155VBO 1-1
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evaluation will support the consideration of risk-based cleanup decisions and evaluation of
interim, if applicable, and long-term solutions to address impacts to groundwater, surface
water, and sediment.

The activities completed to support the objectives of the Phase II RI activities were as
follows:

¢ Installation of 10 permanent monitoring wells in the previously excavated area, the
flume source area, the impoundment area, and the areas west of the coffer dam

e Completion of a groundwater-level survey and collection of groundwater samples from
all new and existing monitoring wells

e Collection of surface water and sediment samples

e Collection of sediment pore-water samples to evaluate potential chlorinated VOC
discharge from groundwater to surface water

e Completion of hydraulic conductivity testing

¢ Quantitative assessment of the potential human health and ecological risks associated
with exposure to contaminated site media, where identified

1.2 Site Background

This subsection provides a general summary of WPNSTA Yorktown and Site 6, including
site descriptions and environmental history.

1.2.1 Naval Weapons Station Yorktown

WPNSTA Yorktown is a 10,624-acre installation located on the Virginia Peninsula in York
and James City Counties and the City of Newport News, Virginia (Figure 1-1). WPNSTA
Yorktown is bounded on the northwest by WPNSTA Yorktown Cheatham Annex and the
King’s Creek Commerce Center; on the northeast by the York River and the Colonial
National Historic Parkway; on the southwest by Route 143 and Interstate 64; and on the
southeast by Route 238 and the town of Lackey.

Originally named the U.S. Mine Depot, WPNSTA Yorktown was established in 1918 to
support the laying of mines in the North Sea during World War I. For 20 years after World
War I, the depot continued to receive, reclaim, store, and issue mines, depth charges, and
related materials. During World War II, the facility was expanded to include three
trinitrotoluene (TNT) loading plants and new torpedo overhaul facilities. A research and
development laboratory for experimentation with high explosives was established in 1944.
In 1947, a quality evaluation laboratory was developed to monitor special tasks assigned to
the facility that included the design and development of depth charges and advanced
underwater weapons. On August 7, 1959, the depot was renamed the U.S. Naval Weapons
Station. Today, the primary mission of WPNSTA Yorktown is to provide ordnance,
technical support, and related services to sustain the war-fighting capability of the armed
forces in support of national military strategy.

Comprehensive environmental restoration activities at WPNSTA Yorktown began in 1984
under the Navy Assessment and Control of Installation Pollutants (NACIP) and
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Environmental Restoration (ER) Programs. On October 15, 1992, WPNSTA Yorktown was
added to the National Priorities List (NPL), which required all subsequent environmental
restoration activities to be conducted under Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA). The Navy and USEPA executed a Federal
Facility Agreement (FFA) in August 1994, which incorporated the Resource Conservation
and Recovery Act (RCRA) Solid Waste Management Units (SWMUs) and identified 16 sites,
which included Site 6.

1.2.2 Site 6

Site 6, the Explosives Contaminated Wastewater Impoundment, Flume Area, Excavation
Area, and Buildings 109, 110, and 501, is approximately 18 acres in size and located in the
northern portion of WPNSTA Yorktown adjacent to an unnamed tributary of Felgates Creek
(Figure 1-2). The site consists of three areas surrounding Buildings 109, 110, and 501: a
flume area, an impoundment area, and an excavated pit.

The flume area is a network of flumes connected to an impoundment area, where
wastewater possibly containing explosives (TNT, hexahydro-1,3,5-trinitro-1,3,5-triazine
[RDX], and 2,4-dinitrotoluene [2,4-DNT]) and solvents (trichloroethene [TCE], 1,1,1-
trichloroethane [1,1,1-TCA], and cyclohexanone) was discharged between 1942 and 1975.
The wastewater was generated from explosives reclamation at Building 109 (R-1) and from
explosives loading, mixing, and casting at Building 110 (Plant 2).

In 1975, a carbon adsorption tower was installed to treat the contaminated wastewater prior
to discharge into the drainage way. A National Pollutant Discharge Elimination System
(NPDES) permit was granted to allow the discharge of effluent from the carbon adsorption
tower containing acceptable concentrations of nitramines/nitroaromatics. In 1986, the
effluent from the carbon adsorption tower was diverted to the sanitary sewer and ultimately
to the Hampton Roads Sanitation District (HRSD) (Baker, 1998b).

The impoundment area is a 3-acre, unlined, surface impoundment adjacent to wetlands
along a small tributary to the main branch of Felgates Creek. The surface impoundment was
created by building a coffer dam across the headwaters of the small tributary. After 1986,
the surface impoundment collected only surface runoff from the area around Buildings 109
and 110. Wastewater discharges ceased in 2003, when operations in Buildings 109 and 110
terminated (Baker, 1998b).

The excavated area may have been the soil borrow pit for construction of the coffer dam for
the impoundment and may have also been used to contain packed explosives. Concrete
rubble and miscellaneous debris are evident. Cadmium and zinc contaminated soil was
previously excavated from this area (Shaw, 2008). The excavated area is located northwest
of former Building 501 and is currently wooded.

1.3 Report Organization
The RI Report is organized as follows:

e Section 1 - Introduction
e Section 2 - Summary of Previous Investigations
e Section 3 - Field Investigation Methods
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Section 4 - Physical Characteristics

Section 5 - Nature and Extent of Contamination

Section 6 - Chemical Fate and Transport

Section 7 - Human Health Risk Assessment

Section 8 - Ecological Risk Assessment

Section 9 - Summary, Conclusions, and Proposed Future Actions
Section 10 - References

Tables and figures are provided at the end of each respective section. Appendixes are
included at the end of the report with Appendix E provided electronically in PDF format on
CD.
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SECTION 2

Summary of Previous Investigations

This section presents a summary of the results and findings from previous investigations
conducted at Site 6 prior to the field investigation activities presented in this Phase II RI.
Previous investigations included the collection of soil, groundwater, surface water, and
sediment samples. Figures 2-1 through 2-2 present locations of samples collected prior to
this Phase II RI investigation.

2.1 Initial Assessment Study (1984)

The Initial Assessment Study (IAS) at WPNSTA Yorktown was documented in the report
titled Initial Assessment Study (IAS) of Naval Weapons Station Yorktown, Virginia (NEESA,
1984). The IAS was conducted to identify and assess sites posing a potential threat to human
health and the environment because of contamination from prior waste management
activities, which included Site 6. Activity records relating to waste generation, handling, and
disposal were reviewed, physical conditions at the site were characterized, and migration
pathways and potential receptors were identified. The results of the data evaluation were
used to develop recommendations concerning the need for a confirmation study at Site 6.
The IAS concluded that sampling of Site 6 surface water, sediment, and soil samples would
be needed to evaluate possible explosives and VOC contamination within these media.

2.2 Confirmation Study Round One (1986)

In 1986, consistent with the recommendations in the IAS, four soil (6S01 through 6504) and
three co-located surface water and sediment samples (6SD/SW01 through 6SD/SW03) were
collected from Site 6 as part of the Confirmation Study Round I (Figure 2-1). Samples were
analyzed for VOCs, semi-volatile organic compounds (SVOCs), and explosives. This effort
was documented in the Confirmation Study Step IA (Verification), Round One, (Dames &
Moore, 1986).

Toluene was detected in all four soil samples at concentrations less than 10 micrograms per
kilogram (ug/kg). TCE and trans-1,2-dichloroethene (trans-1,2-DCE) were detected at
concentrations of 35 ng/kg and 9 ng/kg, respectively, in soil sample 6S02, located within
the impoundment. 1,1,1-TCA and trans-1,2-DCE were observed at concentrations of

11 pg/kg and 14 pg/kg, respectively, in sample 6504, located just south of the
impoundment. With the exception of methylene chloride (a common laboratory
contaminant), these were the only detections of VOCs in Round I soil samples. Two SVOCs,
chrysene and phenanthrene, were detected at concentrations of 90 pg/kg and 70 pg/kg,
respectively, in sample 6503, located outside the northwest corner of Building 109. TNT was
detected in three of the four soil samples: 6501 (1,340 pg/kg), 6502 (127,000 pg/kg), and
6504 (727,000 pg/kg). 4-amino-2,6-dinitrotoluene (4a-DNT), 2-amino-4,6-dinitrotoluene
(2a-DNT), 2,4-diamino-6 nitrotoluene, and 2,6-diamino-4-nitrotoluene were detected in soil
samples 6502 and 6504 (in or adjacent to the impoundment) at maximum concentrations of
64,000 pg/kg, 222,000 pg/kg, 2,120 ng/kg, and 1,630 pg/kg, respectively.
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Toluene, 1,1,1-TCA, and methylene chloride (a common lab contaminant) were detected in
the three sediment samples (6SD01 through 65D03) at maximum concentrations of 2 ng/kg,
14 pg/kg, and 105 ng/kg, respectively. The highest concentrations of these constituents
were detected in sample 65D01, collected just upgradient of the coffer dam (Figure 2-1).
There were no SVOCs detected in sediment samples collected during the Round I event.
One explosive (2,4-diamino-6-nitrotoluene) was detected in one sample (65D02) at a
concentration of 186 pg/kg. Sediment sample 65D02 is located just downgradient of the
coffer dam. This was the only detection of an explosive in sediments collected during the
Round I event.

With the exception of methylene chloride, there were no detections of VOCs, SVOCs, or
explosives in surface water collected in Felgates Creek, just downgradient of Site 6 (7SW03).
However, VOCs were detected in surface water samples collected just upgradient (7SW01)
and downgradient (7SWO02) of the coffer dam. 1,1,1-TCA, trichloroethene (TCE), and
trans-1,2-DCE were detected at maximum concentrations of 4 ng/L, 4 ug/L, and 3 pg/L,
respectively. Explosives were also detected in these surface water samples at maximum
concentrations of: RDX (2.01 pg/L), octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine (HMX)
(8.17 ng/L), 4a-DNT (0.24 pg/L), and 2,4-diamino-4-nitrotoluene (0.078 pg/L). There were
no detections of SVOCs in surface water.

In general, the Confirmation Study Round I indicated elevated levels of contaminants
(primarily explosives) confined to the impoundment or immediately downgradient of the
dam. Additional sediment and surface water sampling was recommended to determine the
extent of the contamination.

2.3 Confirmation Study Round Two (1988)

Consistent with the recommendations in the Confirmation Study Round I, three surface
water samples were collected in the same locations as those previously sampled and seven
sediment samples (6SD01 through 6SD07) were collected at Site 6 in November and
December 1987 as part of Round II of the Confirmation Study (Figure 2-1). This effort was
documented in the Confirmation Study Step IA (Verification), Round Two, (Dames & Moore,
1988). Samples were analyzed for VOCs, SVOCs, and explosives. With the exception of
laboratory contaminants (acetone and methylene chloride), there were no detections of these
constituents in surface water. Acetone and methylene chloride were also detected in
sediment samples, but no other VOCs were detected.

TNT was detected in impoundment sediment samples 6SD01, 6SD02, and 6SD05 at
concentrations of 2.44 pg/kg, 21 pg/kg, and 1,240 pg/kg, respectively. HMX was detected
in the same three samples at concentrations ranging from 1.41 ng/kg (6SDO01) to 44.3 ng/kg
(6SD02). 4a-DNT was detected in these three samples at concentrations ranging from

5.39 ng/L to 543 pg/L. 2,4-DNT, 2-aDNT, and 2,6-diamino-4-nitrotoluene were detected in
one impoundment area sediment sample each at concentrations of 17 pg/kg, 15 ng/kg, and
8 ng/kg, respectively. There were no detections of explosives in the samples collected on the
north side of the impoundment (6SD04 and 65D06) or from the bottom of Felgates Creek,
(6SD03). Based on these results, it was recommended that additional sediment, surface
water, and biota data be collected and analyzed for VOCs, SVOCs, and explosives to further
evaluate site conditions, site-related contaminants, and the extent of contaminant migration.
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2.4 Remedial Investigation Interim Report (1991)

The RI Interim Report (Versar, 1991) was drafted by Dames & Moore in 1989 and revised by
Versar in 1991. The purpose of this report was to facilitate movement of the sites into the RI
process. The report summarized available data from the Confirmation Studies for those sites
recommended for further investigation in the IAS and based on these data, provided
recommendations for additional efforts to be conducted to complete the RI. The Interim RI
recommended that benthic and fish communities in the tributary to Felgates Creek be
sampled nearby Site 6, and additional surface water samples be collected and analyzed for
target compound list (TCL) VOCs, explosives, and TCL SVOCs. The Interim RI also
recommended that the existing and additional data be used to conduct a risk assessment
(Versar, 1991).

2.5 Round One Remedial Investigation (1993)

Round One RI activities took place during the spring/summer 1992 based on
recommendations made in the Interim RI Report. This information is documented in the
Final Round One RI for Sites 1-9, 11, 12, 16-19, and 21 (Baker and Weston, 1993b). The
objectives of the RI were to assess the nature and extent of contamination and to perform
human health and ecological risk assessments to evaluate the impacts on human health and
the environment. Field activities included the collection of geophysical data, aquifer testing,
installation and sampling of one groundwater monitoring well (6GWO01), surface and
subsurface soil sampling at six locations (6S05 through 6509), surface water sampling at
eight locations (6SW02 and 6SW08 through 65W14), and sediment sampling at eight
locations (6SD02 and 65D08 through 65D14) (Figure 2-1).

Explosives and VOCs were detected in sediments near the discharge area from Building 109
at similar concentrations to those detected during the Confirmation Studies. Additionally,
RDX, HMX, TNT, and chlorinated VOCs were detected in the surface water adjacent to
Building 109. RDX, HMX, and chlorinated VOCs were also detected in site groundwater.
The concentration of TCE in groundwater was 380 ng/L (well 6GWO01). As only one
groundwater monitoring well was installed at Site 6, the Round One RI provided limited
information on the subsurface conditions, including both subsurface soil and groundwater.
Several SVOCs were detected in surface soil, surface water, and sediment, but not in the
groundwater. Concentrations of TCE and explosives were highest near Building 109 and
decreased further downgradient.

The Round One RI recommended that Site 6 be a candidate for an accelerated remedial
action under a Focused Feasibility Study (FFS) upon confirmation that the contamination
was localized in the upstream portion of the ditch. In order to evaluate if the contamination
was localized, the Round One RI recommended that additional surface soil and sediment
samples be collected in the area north of Building 109 to define the extent of contamination
and additional groundwater sampling be conducted to delineate the extent of VOC and
explosives contaminated groundwater in the area (Baker and Weston, 1993a).
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2.6 Round Two Remedial Investigation (1998)

A Round Two RI field program was conducted between July 1994 and February 1996 at

Site 6 to assess the nature and extent of contamination at the site and to address potential
data gaps observed following the Round One RI. Efforts from this field event are
documented in the Final Round Two RI Report, Sites 6 and 7 (Baker, 1998a). Surface soils (6511
through 6525), subsurface soils (6SB02 through 6SB08), temporary groundwater (6HP02
through 6HP09), groundwater (6GW01 through 6GW03, and 6GW01A), surface water
(6SW16 through 65SW21, 65W24, and 6SW25), and sediment (6SD15 through 65D25) samples
were collected (Figure 2-1).

No chlorinated VOCs were identified in surface soil samples. Chlorinated VOCs were
detected in subsurface soil immediately downgradient of Building 109. Concentrations and
the number of compounds increased with depth. Nitramines were detected during a soil
characterization study that focused on the Site 6 discharge point of two concrete drainage
channels, which formerly conveyed wastewater from Buildings 109 and 110 and was
suspected of having high concentrations of nitramines. Sediment samples indicated the
presence of SVOCs within the drainage ways to the impoundment area and VOCs, SVOCs
and nitramine compounds within the impoundment area itself. Chlorinated VOCs and
explosive constituents were detected in the groundwater samples from both Hydropunch™
(temporary groundwater) locations and four new permanent monitoring wells (6GW02
through 6GW05). The highest concentrations of TCE (37,000 ng/L), cis-1,2-dichloroethene
(cis-1,2-DCE) (26,000 pg/L), and vinyl chloride (21,000 ng/L) were detected at
Hydropunch™ location 6HP08, located within the impoundment just north of the
impoundment boundary and northwest of Building 109 (Figure 2-1).

Surface water and sediment samples indicated the presence of chlorinated VOCs and
nitramines within the impoundment area, but these constituents were not detected in
surface water and sediment collected at the mouth of the tributary to Felgates Creek or in
Felgates Creek itself (6SD/SW17 through 65D/SW21).

2.7 Focused Feasibility Study (1998)

The purpose of the Final v2 Focused Feasibility Study for Sites 6 and 7 (Baker, 1998b) was to
identify remedial action alternatives (RAAs) to address soil and sediment contamination at
Site 6. The FFS involved the development, screening, and detailed analysis of RAAs. The
FFS examined five RAAs to address contamination at Site 6: (1) no action; (2) no action with
monitoring and sludge removal; (3) in situ biological treatment, soil cover, and sludge
removal; (4) ex situ biological treatment, limited excavation, and offsite disposal and sludge
removal; and (5) excavation with thermal treatment and sludge removal, and ex situ
biological treatment, soil cover, limited excavation, and sludge removal (Baker, 1998b).
Alternative 4 was identified as the preferred alternative.

2.8 Proposed Remedial Action Plan/Record of Decision (1998)

The Final v2 Proposed Remedial Action Plan (PRAP) for Sites 6 and 7 (Baker, 1998c) was
released to the public in May 1998 presenting the preferred alternative identified in the FFS.
The Final ROD for Sites 6 and 7 (Baker, 1998d) was signed in October 1998. The ROD
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documented the ex situ biological treatment, limited excavation, off-site disposal and sludge
removal remedial action to reduce the risks posed by soil and sediments at Site 6.

2.9 Long-Term Monitoring

LTM for VOCs, nitramine compounds, and TAL inorganic constituents (including cyanide)
of groundwater and the impoundment area surface water and sediment began in May 2000.
Based on the Long-Term Monitoring Report (CH2M HILL and Baker, 2006), following the
baseline round of sampling, LTM at Site 6 was suspended pending completion of the
remedial action.

2.10 Phase | Remedial Investigation Report (2007)

The purpose of the Phase I RI activities was to provide additional data to evaluate the
nature and extent of chlorinated VOCs in groundwater. This information is documented in
the Phase I Remedial Investigation Report for Groundwater at Sites 1, 3, 6, 7, 11, 17, 24, and 25
(CH2M HILL, 2007). Nine additional wells were installed and samples were collected from
13 Yorktown-Eastover aquifer monitoring wells as part of this RI (Figure 2-2). The
groundwater samples collected were analyzed for VOCs, SVOCs, pesticides/
polychlorinated biphenyls (PCBs), explosives, and total and dissolved inorganic
constituents and cyanide. The analytical results were compared against the Yorktown-
Eastover aquifer background data set and the maximum contaminant levels (MCLs), if
available.

TCE concentrations exceeded the MCL of 5 micrograms per liter (ug/L) in samples from
wells 6GWO08 (36,000 pg/L) and 6GWO01 (94 ng/L). Concentrations of 1,1-DCE exceeded the
MCL of 7 ng/L in the samples from wells 6GWO01 (15 pg/L) and 6GW06 (23 ng/L).
Concentrations of cis-1,2-DCE (550] pg/L) and vinyl chloride (8K ng/L) both exceeded
MCLs of 70 pg/L and 2 ng/L, respectively, in the sample from well 6GW08. No SVOCs
exceeded the MCLs. Concentrations of the pesticide heptachlor epoxide in the samples from
wells 6GWO04 (13 ng/L), 6GWO05B (0.59 pg/L), 6GW09 (1.2 pg/L) were above the MCL of

0.2 ug/L.

Ten explosives were observed in groundwater collected during the Phase I RI: 1,3,5-
trinitrobenzene, 1,3-dinitrobenzene, 2,4,6-TNT, 2,4-DNT, 2-aDNT, 2-nitrotoluene (2-NT),
4a-DNT, HMX, RDX, and tetryl. The highest concentrations of these constituents were
detected in the sample from well 6GW04.

Concentrations of total arsenic (17.5 pg/L) and dissolved arsenic (15.8 pg/L) in 6GW05
exceeded the MCL of 10 png/L. The background concentration of arsenic in the unfiltered
sample was 3.5] ug/L, but arsenic was not detected in the filtered sample.

Only one pesticide (heptachlor epoxide) and one SVOC [bis(2-ethylhexyl)phthalate] were
detected at concentrations slightly above screening values. Heptachlor epoxide
concentrations suggest it is attributable to normal pesticide use and not a CERCLA-related
release. Pesticides and herbicides were commonly applied at DoD facilities to control pests
and weeds, which may have resulted in pesticides and herbicides accumulating in
environmental media. Bis(2-ethylhexyl)phthalate is a common laboratory contaminant and
not likely a site related constituent. Therefore, SVOCs and pesticide analysis would not be
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included in further investigations. The Phase I recommended that additional investigations
be conducted within the impoundment area to define the extent and concentration of
contaminants within the Yorktown-Eastover aquifer. New and existing wells would be
sampled for VOCs, explosives, inorganic constituents, and natural attenuation parameters.
In addition, additional surface water, sediment, and sediment pore-water samples were
recommended to further evaluate groundwater discharge to surface water.

2.11 Remedial Action/Construction Completion Report (2008)

A Site 6 remedial action of contaminated soil/sediment and decontamination of Building
109 trenches and drains was initiated in 1999 and completed in 2006. Remedial activities in
1998 and 1999 included decontamination of the interior and exterior flumes and trench
drains in Building 109, excavation and treatment of 1,000 tons of impacted soil/sediment,
and excavation and disposal of polycyclic aromatic hydrocarbon (PAH)-contaminated soil,
and was documented in the report titled Contractor Closeout Report for Site 6 Remediation
(OHM, 1999). The remedial activities from 2000 to 2006 included excavation and ex-situ
bioremediation of soil and sediment contaminated with VOCs, explosives, and inorganics
(cadmium, nickel, and zinc) (Figure 2-1), and was documented in the report titled Final
Construction Completion Report for Site 6 Bioremediation (Shaw, 2008).

TNT contamination within the flume and drain systems at Building 109 was
decontaminated using a low-pressure wet steam to melt the TNT and initiate flow of TNT
downstream to a collection area. TNT sludge was collected at downstream collection points
and transferred to explosive-handling cardboard boxes for disposal by Base Explosives and
Ordnance Disposal (EOD) personnel. Soil and debris recovered from the exterior flume at
Building 109 were transported to a bioremediation treatment cell. PAH-impacted soil was
excavated into two 55-gallon drums and disposed. Approximately 1,000 tons of explosive-
contaminated soil from the impoundment area was excavated to a depth of 4 feet (ft) and
transported to a bioremediation treatment cell, located adjacent to Site 6 at Aviation Field
(Site 24). Following the removal action, the site was restored by seeding disturbed areas
(OHM, 1999).

Approximately 11,800 tons of chlorinated VOCs, explosives, and inorganic contaminated
soil and sediment was excavated within an area of 310 ft by 100 ft to a depth of 6 ft from
Site 6 (Figure 2-1), and transported and disposed at a bioremediation treatment cell at
Aviation Field (Site 24). Confirmation samples were collected in the excavation areas and
confirmed that the remedial goals were met. Remediation goals met during the 2006
removal action are listed below.
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Medium/ Chemical of Concern

Final Remediation
Goal (mg/kg)

Sediment

Trichloroethene 1.6
1,2-Dichloroethene (total) 35
Tetrachloroethene 7
1,1-Dichloroethane 6,500
1,1,1-Trichloroethane 2,700
Carcinogenic Polycyclic Aromatic Hydrocarbons (PAHs) 0.15
Total PAHs 44
Amino-DNTs 6.0
2,4-Dinitrotoluene 60
2,6-Dinitrotoluene 29
HMX 5.7
RDX 1.0
1,3,5-TNB 1.0
2,4,6-TNT 8.0
Cadmium 9.6
Nickel 52
Zinc 410
Soil

Cadmium 4.0
Zinc 48.4

Soil was treated at the bioremediation treatment cell using Daramend™, iron amendments,
and tilling of the soil/sediment. After the results of two consecutive composite
soil/sediment sampling events demonstrated that VOCs and explosive concentrations were
less than the remediation goals, the material was transported to a consolidation area located
adjacent to the bioremediation treatment cell and later disposed of at a Navy-approved
disposal facility. Site 6 restoration activities including planting of native vegetation, removal
of erosion control measures, and removal of the temporary access road (Shaw, 2008).
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SECTION 3

Field Investigation Methods

This section describes the approach and methodology of the field investigation activities
conducted as part of the Phase II RI at Site 6. Field activities were conducted from March to
September 2009, and included monitoring well installation, groundwater monitoring and
sampling, hydraulic conductivity testing, dense non-aqueous phase liquid (DNAPL) field
testing, and surface water, sediment, and sediment pore water sampling. Specific details of
the sampling rationale and objectives are provided in the Phase II RI Work Plan

(CH2M HILL, 2008).

Table 3-1 summarizes the environmental data collected to characterize the nature and
extent of contamination, including the number of samples that were collected, the media
sampled, analyses performed, sample nomenclature, and sample rationale. Figures 3-1 and
3-2 present the locations of the samples collected in the various environmental medjia.

The investigation activities were implemented to support:
¢ Development of the hydrogeologic conceptual model of Site 6, as discussed in Section 4

e Assessment of the nature, extent, fate, and transport of contamination, potential sources
of contamination, and development of a contaminant conceptual site model (CSM), as
discussed in Section 5 and 6

e Assessment of potential risks to human health and the environment, as discussed in
Sections 7 and 8

¢ Information required for the development of a future feasibility study, as discussed in
Section 9

3.1 Groundwater
3.1.1 Monitoring Well Installation

Ten monitoring wells were installed within the Yorktown-Eastover aquifer (at depths
ranging from 25 to 60 ft below ground surface [bgs]) at Site 6 to further characterize
potential groundwater quality impacts at the site. Monitoring wells were installed at the
previously excavated area, the flume source area, the surface impoundment area, and the
areas west of the coffer dam, as summarized below (Figure 3-1).

¢ One monitoring well (6GW11) was installed in the former area of excavation of the
cadmium and zinc contaminated soil to determine potential source zone groundwater
impacts.

e Two nested monitoring well pairs (6GW12, 6GW12A, 6GW13, and 6GW13A) were
installed in the flume source area and the impoundment area to evaluate potential
source zone concentrations and vertical distribution of contamination.
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¢ Four monitoring wells (6GW14, 6GW15, 6GW16, and 6GW17) were installed west of the
coffer dam to better determine the vertical and horizontal extent of contamination in this
area.

¢ One monitoring well (6GW18) was installed downgradient of the site adjacent to
Felgates Creek.

Each monitoring well was installed according to the specifications outlined in Section 3.9.1
of Master Project Plans (Baker, 2005). The monitoring well construction details (including the
existing monitoring well network) are summarized in Table 3-2.

Parratt Wolff Inc. of Hillsborough, North Carolina provided hollow-stem auger (HSA) well
drilling and installation services using a 4.25-inch inside diameter (ID) and 4-ft long acetate
sleeves to provide lithologic descriptions. During soil logging, soil descriptions including
grain size, color, moisture content, relative density, consistency, soil structure, mineralogy,
and other relevant information such as possible evidence of contamination were recorded.
Soil boring logs are included in Appendix A. Monitoring wells 6GW14, 6GW15 and 6GW17
were installed in marsh wetland areas that could not be accessed with standard drilling
equipment. Consequently, they were installed using a tripod by pushing/hammering the
pre-screened well directly into the subsurface. Samples for lithology could not be collected
and no boring logs are available for these wells. The depths of the wells were selected based
on surrounding lithology and anticipated contaminant distribution.

Photo-ionization detector (PID) readings were collected to identify depths of potential
contamination during borehole drilling. A DNAPL field test using Indigo Blue® test kits was
conducted at the highest PID reading interval of each new borehole. The required amount of
soil in the selected interval was placed into the prepared styrene test bottle. Deionized (DI)
water was then placed into the test bottle and shaken to dissolve the water-soluble
Anthraquinone dye cube already in the bottle. A polystyrene bead indicated whether
DNAPL was detected by turning blue. Only three monitoring wells (6GW12 at 10 and 25 ft
bgs, 6GW12A in the 44-48 ft bgs interval, and 6GW13A in the 32-36 ft bgs interval) could be
tested due to weather conditions, drilling technique, PID malfunction, and color of soil
encountered. The PID is only one tool used to aid in the identification of potential
contamination with depth. Lithologic samples collected are also logged to identify any
signs of potential contamination such as staining, free product, or odor. The Indigo Blue®
test did not indicate the presence of DNAPL at these locations; however, the soil color was
also blue in these areas, which could have interfered with interpretation of the test.

New monitoring wells were constructed with either 2-inch ID Schedule 40 polyvinyl
chloride (PVC) casing and well screen or 2-inch stainless-steel casing and well screen
(Table 3-2). The well screen consisted of 0.010-inch slot size and ranged from 10 to 20 ft,
based on the rationale presented in the Phase II RI Work Plan (CH2M HILL, 2008). A silica
sand filter pack was placed around the annular space of the well screen from the bottom of
the boring/well screen to a depth of approximately 2 to 4 ft above the top of the screen. A
bentonite layer (approximately 2 to 3 ft) was placed at the top of the sand pack. After the
bentonite was hydrated, a cement-bentonite grout was placed in the remaining annular
space. However, monitoring wells 6GW14, 6GW15, and 6GW17 were constructed with pre-
packed stainless-steel screens because of site accessibility. All monitoring wells were
completed with steel stick-up casings since they were located in grassy or wooded areas. A

3-2 ES051810203155VBO



SECTION 3—FIELD INVESTIGATION METHODS

locking watertight cap was placed on the top of each casing and the well identification
numbers were clearly marked on the well with waterproof paint. Monitoring well
completion diagrams are also provided in Appendix A.

3.1.2 Monitoring Well Development

All newly installed monitoring wells were developed prior to sampling. Monitoring well
development was performed after the grout used to construct the new monitoring wells had
been allowed to adequately set (at least 24 hours or more) to prevent grout contamination of
the screened interval. Wells were developed using a submersible pump. Between 30 and 80
gallons of water were evacuated from each well. Development continued until either five
successive measurements of pH, specific conductivity, and temperature were stable (i.e., the
readings for each measurement were within 10 percent of each other), until water was
visibly clear, or until the well was pumped dry. Development information is included in the
Appendix A well construction logs.

3.1.3 Groundwater Monitoring

A groundwater level survey was conducted at all 25 monitoring wells during the
investigation (Figure 3-1). Table 3-3 summarizes the groundwater level measurements from
each well. An electronic water level meter was used to measure the depth to water from the
top of casing to the nearest 0.01 ft.

A total of 25 groundwater samples were collected from all new and existing monitoring
wells using low-flow sampling methodology. The analyses included VOCs, explosives, total
and dissolved inorganic constituents, and natural attenuation parameters. In addition,
monitoring well YS06-GW012 was analyzed for nitroguanidine, perchlorate, and ammonia;
monitoring wells YS06-GW012, YS06-GWO016, YS06-GWO017, and YS06-GWO018 were
analyzed for nitroglycerin; and wells YS06-GW012 and YS06-014 were analyzed for
nitrosodiphenylamine. Table 3-1 presents a summary of monitoring wells sampled and lists
all analyzed constituents.

Groundwater samples were collected from wells with total depths of less than 30 ft using a
peristaltic pump and disposable tubing, and from wells with depths of greater than 30 ft
using a Monsoon® submersible pump and disposable tubing. Groundwater quality
parameters comprising pH, conductivity, turbidity, dissolved oxygen (DO), temperature,
salinity, and oxidation/reduction potential (ORP) were collected during purging of each
well using a Horiba U-22 water quality meter and a flow-through cell. DO was also
analyzed CHEMets® kits. CHEMets® are used to confirm the results of the Horiba U-22 in
the event of a DO probe malfunction. The DO probe in the Horiba U-22 is a separate device
from the other probes and can malfunction if dirt collects around the probe or if a hole is
made in the membrane of the probe, thus providing erroneous readings. The Horiba U-22
historically is more likely to provide a false reading then the CHEMets® kits. For the
purposes of this document, the CHEMets® DO results will be used. However, field
parameters could not be measured at well GW09B due to high turbidity.

Purging was continued until water quality readings collected 5 minutes apart were
stabilized to within 10 percent of one another or until three well volumes were purged.
Once the parameters had stabilized, the flow-through cell was disconnected and samples
were collected into laboratory-prepared, pre-preserved sample bottles and packed on ice for
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overnight shipment to the appropriate laboratory. Dissolved inorganic samples were field-
filtered prior to collection into the sample containers.

DO, nitrite, nitrate, and sulfide were field tested at 20 monitoring wells, and the results are
summarized in Section 5. The DO CHEMet® test was used to determine the level of DO in
groundwater and to confirm the DO results of the Horiba-U22 (Model Numbers K-7501 for
0-1 parts per million [ppm] and K-7512 for 1-12 ppm). A CHEMet® ampoule containing
reagent was filled by being immersed into the sample to allow the correct volume of sample
to be drawn in. After the sample was well mixed with the reagent in the ampoule, the result
was quantified by comparing the filled ampoule to the appropriate color standards. Nitrite,
nitrate, and sulfide were field tested using HACH® test kits (Model Numbers NI-15, NI-14,
and HS-WR, respectively). For each test, the sample was filled in a test tube and mixed with
specific reagents to develop a color. The concentration was estimated by comparing the tube
to the appropriate color standards provided with the kit.

All samples collected during the RI were submitted for analysis to CompuChem Labs, Inc.
of Cary, North Carolina, for analysis of VOCs, explosives, total and dissolved inorganic
constituents, alkalinity, chloride, methane, ethane, ethane, sulfate, total organic carbon
(TOCQ), total dissolved solids (TDS), acid volatile sulfide/simultaneously extractable metals
(AVS/SEM), and pH. The groundwater samples were submitted for dechlorinating bacteria
analysis (Dehalococcoides) to Microbial Insights Inc. of Rockford, Tennessee.

3.1.4 Hydraulic Conductivity Testing

Aquifer hydraulic conductivity properties were estimated through slug testing. Rising and
falling-head slug tests were conducted at three selected monitoring wells (6GW06, 6GW13,
and 6GW15). The monitoring wells were selected for spatial distribution and at varying
depths in the Yorktown-Eastover aquifer to provide data throughout the extent of the
aquifer at the site and generate an overall estimate of the horizontal hydraulic conductivity
of the aquifer.

Due to the limited area of influence, the slug test data provide a rough estimate of the
hydrogeologic parameters of the unit proximal to the individual monitoring wells. The tests
were conducted by rapidly introducing a solid displacement device (slug) into the well for
the falling head test and rapid removal of the slug from the well for the rising head test. The
slug consisted of a 5-ft length of solid PVC, and the water level data was recorded using a
Mini TROLL® pressure transducer.

Both falling head and rising head tests were recorded for each monitoring well. However, at
those wells where the static water level is below the top of the screen, the falling head test
can result in the water draining from the well into the gravel pack and vadose zone
providing an overestimate of the hydraulic conductivity. Therefore, under these
circumstances, only the rising head test data was analyzed. Data were recorded for each test
until the water level had recovered to 90 percent of the pre-test level. The slug tests were
analyzed using the Bouwer and Rice Method included in A Slug Test for Determining
Hydraulic Conductivity of Unconfined Aquifers with Completely or Partially Penetrative Wells.
Water Resources Research 12:423-28 (Bouwer and Rice, 1976).
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3.1.5 Surveying

Precision Measurements Inc. of Virginia Beach, Virginia (a Virginia-licensed and registered
surveyor) conducted a survey of the new monitoring wells. Each of the monitoring wells
was surveyed for vertical and horizontal control to an accuracy of 0.01 ft and 0.1 ft,
respectively. Monitoring wells were surveyed at the top of the PVC casing and at the
ground surface. The vertical elevations were referenced to National Geodetic Vertical
Datum 88 to remain consistent with the existing WPNSTA Yorktown vertical datum.
Horizontal coordinates conformed to North American Datum 83 with ties to the Virginia
State Plane Coordinate System. The survey report for these sites is included as Appendix B

3.2 Surface Water and Sediment

Sediment and surface water samples were collected from 11 sample locations within the
channel of the Eastern Branch of Felgates Creek and the unnamed tributary to the Eastern
Branch of Felgates Creek that flows into Site 6, to evaluate potential impacts and potential
exposure pathways from sediment and surface water. Sediment samples were also collected
from the marsh sediment along the water bodies. Surface water and sediment sample
locations are shown in Figure 3-2.

Surface water and sediment samples were collected starting with downstream locations and
working upstream. Surface water samples were collected prior to the collection of sediment
samples.

Prior to surface water sample collection, water quality data was measured using a Horiba
U-22 water quality meter and the time of high and low tides in the York River tidal cycle for
the date of sampling was also recorded. Tidal levels and time for each sample collected are
included in Table 3-4. Sediment samples were collected from the top 4 inches of sediment
using a stainless steel hand-auger and were transferred into laboratory prepared sample
containers. Surface water samples were analyzed for TCL VOCs, total and dissolved TAL
inorganic constituents and TDS. Sediment samples were analyzed for TCL VOCs, TAL
inorganics, pH, TOC, AVS/SEM, grain size, and alkalinity (Table 3-1).

3.3 Sediment Pore-Water

Sediment pore-water samples were collected within the channel of the Eastern Branch of
Felgates Creek and the unnamed tributary to the Eastern Branch of Felgates Creek that
flows into Site 6 in order to assist in evaluating potential impacts to and potential exposure
pathways from groundwater to sediment and surface water. Sample locations are shown in
Figure 3-2.

Sediment diffusion samplers were filled with 150 milliliters (mL) of DI water and placed

into protective casings with 10-inch-long slotted screens. The samplers were marked and
placed in the sediment by hand so that the top of the protective casing was flush with the
sediment. The samplers were left for three weeks and then sampled.

One proposed pore water sample location was unable to be sampled due to a lack of
standing water. Four sediment pore-water samples were collected and analyzed for TCL
VOCs (Table 3-1).
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3.4 Quality Assurance/Quality Control

Samples collected for this field investigation were analyzed using Contract Laboratory
Program (CLP) methods with Level IV Quality Assurance/Quality Control (QA/QC).

Field QA /QC samples were collected during the sampling program. These samples were
obtained to: (1) ensure that disposable and reusable sampling equipment were free of
contaminants, (2) evaluate field methodology, (3) establish ambient field background
conditions, and (4) evaluate whether cross-contamination occurred during sampling and/or

shipping.

Several types of field QA/QC samples were collected and analyzed in accordance with the
Quality Assurance Project Plan (QAPP) of the Phase II RI Work plan (CH2M HILL, 2008)
and are defined below:

¢ Equipment Rinsate Blank: Twenty-two equipment rinsate blank samples were collected.
These samples were obtained by running laboratory grade DI water over/through
sample collection equipment after the piece of equipment was decontaminated (for
reusable equipment) or prior to the equipment’s use (for disposable equipment). These
samples were used to determine if decontamination procedures for reusable equipment
were adequate and/or if disposable, one-time use equipment was contaminant-free
prior to use.

¢ Duplicate Sample: Duplicate samples were collected at the same time and under
identical conditions as their associated sample. These samples were collected to evaluate
reproducibility of sample results. One duplicate sample was collected for every 10
environmental samples collected (or 10 percent).

o Field Blank: Seven field blank samples were collected. Field blanks were collected to
evaluate potential impacts to samples due to ambient air conditions in the field. Samples
were collected using laboratory grade DI water, which was poured into sample bottles
in the field under the same conditions under which environmental samples were
collected.

e Trip Blank: Fourteen trip blank samples were collected. Trip blanks were prepared at the
laboratory, shipped with the sample containers, and stored onsite near the empty
sample containers. Any time VOC samples were packed and shipped to the laboratory, a
trip blank sample was included inside the shipping cooler. The trip blanks were
analyzed for VOCs, along with the other VOC samples. Trip blanks were used to
evaluate whether or not cross-contamination may have occurred during sampling
and/or shipping.

In addition to samples collected to monitor field quality control, samples were also collected
to monitor quality within the laboratory. These included the following:

e Matrix Spike (MS): An aliquot of a matrix (either soil/sediment or water) was spiked
with known quantities of specific compounds and subjected to the entire analytical
procedure. By measuring recovery, the appropriateness of the method for the matrix
was determined.
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e Matrix Spike Duplicate (MSD): These samples were collected as second aliquots of the
same matrix as the matrix spike to determine the precision of the method.

One MS sample and one MSD sample were collected for every twenty environmental
samples collected (or 5 percent of the samples collected) per media per site.

3.5 Decontamination and Waste Management

Decontamination procedures for heavy equipment (e.g., drilling augers), sampling
equipment, and personnel were followed as per Section 3.23 of the Master Field Sampling
Plan (Baker, 2005). An industrial-grade steam cleaner was used to decontaminate heavy
equipment. Liquinox®, distilled water, a 10 percent methanol rinse, and DI water were used
to decontaminate the submersible pump motor lead between well sampling of individual
wells and the stainless-steel hand auger between sediment sampling locations. All other
equipment used for sample collection was disposable.

Solid investigation-derived waste (IDW) generated during the field investigation (soil
cuttings) were contained in 55-gallon steel drums. Liquid IDW was contained in a portable
Baker tank and 55-gallon steel drums. One soil and one liquid composite sample were
collected from drums/tank for Full Toxicity Characteristic Leachate Procedure (TCLP)
[VOCs, SVOCs, pesticides, and inorganics] and ignitability, corrosivity, and reactivity
analysis. After receipt of analyses, the solid IDW was determined to be non-hazardous and
was removed from the site by Potomac Environmental Services. The aqueous IDW was
determined to be hazardous and was removed from the site by Potomac Environmental
Services. The IDW disposal documentation is contained in Appendix C.

Health and safety expendables, such as sampling gloves, paper towels, polyethylene
sheeting, and other materials that came into contact with potential contamination were
contained in large plastic bags and placed in municipal waste containers for disposal.

3.6 Environmental Data and Management
3.6.1 Data Validation

Data validation was performed by Data Qual Environmental Services of St. Louis, Missouri.
The data qualifiers used were those presented in USEPA Region 3 Modifications to National
Functional Guidelines for Organic Data Review, MultiMedia, Multi Concentration

(USEPA, 1994) and USEPA Region 3 Modification to Laboratory Data Validation Functional
Guidelines for Evaluating Inorganic Analyses (USEPA, 1993a).

The data validation qualifiers, or flags, used for this RI comprise:

e A ”B” flag by the data validator indicates that the analytes have also been detected in a
field, equipment, or trip blank, or in a laboratory QA /QC sample. The concentration of a
“B”-qualified result is less than 5 or 10 times the concentration of the constituent for an
associated QA /QC result. If the sample concentration is less than 5 or 10 times the
associated blank concentration, the conclusion is that the analyte is not present in the
sample.

e A “D” flag indicates that the analyte is identified at a secondary dilution factor.
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A “]” flag indicates that the analyte is present but the value is estimated.

A “K” flag indicates that the analyte is present, but the reported value may be biased
high and the actual value is expected to be lower.

An “L” flag indicates that the analyte is present, but the reported value may be biased
low and the actual value is expected to be higher.

An “NJ” flag indicates that the qualitative identification is questionable due to poor
resolution, presumptively present at approximate quantity.

An “R” flag indicates unreliable result.

A “U” flag indicates that the analyte was not detected and the associated value indicates
the approximate sample concentration necessary to be quantified.

A “UJ” flag indicates that the analyte was not detected and the quantitation limit may be
inaccurate or imprecise.

A “UL” flag indicates that the analyte was not detected and the quantitation limit is
probably higher.

3.6.2 Regulatory Standards and Risk-Based Screening Values

The screening process used to evaluate risks to human and ecological receptors and the
consideration of a constituent as a chemical of concern (COC) is discussed in Sections 7 and
8. Groundwater is compared to human health screening criteria and not to ecological risk
since there are no ecological exposures to groundwater until it discharges to a water body or
surfaces as a seep. However, to determine the nature of groundwater, surface water, and
sediment contamination within Site 6, each analyte was compared to the following
regulatory and risk-based screening values, as discussed in the Phase II RI Work plan
(CH2M HILL, 2008).

3-8

Groundwater sample results were screened against:

— Yorktown-Eastover aquifer background criteria for inorganic constituents (Base-wide
background inorganic concentrations)

— USEPA Regional Screening Levels (RSLs) for Tap Water (USEPA, 2009d), adjusted for
non-carcinogens by dividing the RSL by 10 to account for cumulative effects

— Federal Safe Drinking Water Act (Title 40 of the Code of Federal Regulations [CFR],
Part 141 MCLs and Secondary MCLs

Surface water sample results were screened against:

— USEPA RSLs for Tap Water (USEPA, 2009d), adjusted for non-carcinogens by dividing
the RSL by 10 to account for cumulative effects

— Ecological screening values were established using methods described in Section 8 of
the report.
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e Sediment sample results were screened against the following (CH2M HILL, 2008):

— USEPA RSLs for Residential Soil (USEPA, 2009d), adjusted as appropriate (10 times
the RSL values); adjusted for noncarcinogens to account for exposure to multiple
constituents. Screening values were adjusted for non-carcinogens by dividing the RSL
by 10 to account for cumulative effects.

— Ecological screening values were established using methods described in Section 8 of
the report.
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TABLE 3-1

Site 6 Sample Summary

Phase Il Remedial Investigation Report, Site 6
WPNSTA Yorktown, Yorktown, Virginia

Media Samples® Analytes Date Sample Identification® Sample Rationale
25 GW VOCs, Total and Dissolved Metals, 03/2009, 04/2009, |YS06-GWO001, YS06-GWO001A, YS06-GWO002, YS06-GW003, Characterize the nature and extent of COPCs at the site
Explosives 06/2009, and YS06-GWO004, YS06-GW005B, YS06-GW006, YS06-GWO006B,
07/2009 YS06-GWO007, YS06-GWO008, YS06-GW009, YS06-GWO09A,
YS06-GWO009B, YS06-GWO010, YS06-GWO010A, YS06-GWO011,
YS06-GWO012, YS06-GWO012A, YS06-GWO013, YS06-GWO13A,
YS06-GW014, YS06-GWO015, YS06-GW016, YS06-GW017, YS06-
GW018
3GW Chloride, Sulfate, MEE, Alkalinity, TOC, 03/2009 and YS06-GWO008, YS06-GW012, YS06-GWO012A Evaluate the potential for natural attenuation at the site. In addition,
Dehalococcoides 04/2009 nitrite, nitrate, and sulfide were field tested at 20 monitoring wells
1GW Nitroguanidine, Perchlorate, Ammonia 04/2009 YS06-GW012 Verify the presense of the constituents because it was possibly
discharged at the site based on the historical operations
2GW n-Nitrosodiphenylamine 03/2009 and YS06-GW012, YS06-GW014 Verify the presense of the constituent because it was possibly
04/2009 discharged at the site based on the historical operations. Analysis
was added to one downgradient well (YS06-GWO014) to characterize
the downgradient extent of contamination and potential for discharge
to Felgates Creek
4 GW Nitroglycerin 04/2009, 06/2009, |YS06-GWO012, YS06-GWO016, YS06-GWO017, YS06-GW018 Verify the presense of the constituent because it was possibly
and 07/2009 discharged at the site based on the historical operation. Analysis
was added to three downgradient wells (YS06-GWO016, YS06-
GWO017, YS06-GWO018) to characterize the extent of downgradient
contamination
11 SwW VOCs, Total and Dissolved Metals, 08/2009 YS06-SWO068, YS06-SW069, YS06-SW070, YS06-SWO071, YS06- |Evaluate potential impacts to Felgates Creek
Explosives, TDS SWO072, YS06-SWO073, YS06-SWO074, YS06-SW075, YS06-
SWO076, YS06-SWO077, YS06-SWO078
11sD VOCs, Total Metals, AVS/SEM - 7 metals, |08/2009 YS06-SD068, YS06-SD069, YS06-SD070, YS06-SD071, YS06- Evaluate potential impacts to Felgates Creek and support the
Explosives, Alkalinity, TOC, pH, Grain Size SD072, YS06-SD073, YS06-SD074, YS06-SD075, YS06-SD076, |ecological risk evaluation
YS06-SD077, YS06-SD078
4 PW VOCs 09/2009 YS06-WNO1, YS06-WNO02, YS06-WNO03, YS06-WN04 Determine the potential for contaminated groundwater to discharge
to the creek

! GW=Groundwater sample, SW=Surface water sample, SD=Sediment sample (0 to 4 inches bls), PW=Sediment pore water sample.

2No duplicate samples are included in this table.

bls. = below land surface.

COPCs - chemicals of potential concern

NA - Not applicable

VOCs - volatile organic compounds

MEE - methane, ethane, ethene

TOC - total organic carbon

TDS - total dissolved solids

AVS/SEM - acid volatile sulfide/simultaneously extractable metals
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TABLE 3-2

Monitoring Well Construction Summary
Phase Il Remedial Investigation Report, Site 6
WPNSTA Yorktown, Yorktown, Virginia

Depth of Elevation of
Ground TOC Length of | Depth of Top Bottom of Elevation of Bottom of
Installation Elevation Elevation Screen of Screen Screen Top of Screen Screen
Monitoring Well Date (ft msl) (ft msl) Well Type (ft) (ft bgs) (ft bgs) (ft msl) (ft msl)
Existing Monitoring Wells
6GWO01 6/15/1992 10.45 12.80 4" Sch 40 PVC 15 5 20 5.45 -9.55
6GWO1A 9/9/1994 10.01 12.10 2" Sch 40 PVC 14 48 62 -37.99 -51.89
6GW02 9/23/1994 35.97 38.37 2" Sch 40 PVC 15 40 55 -4.03 -19.03
6GW03 10/20/1994 28.31 30.67 2" Sch 40 PVC 9 38 47 -9.59 -18.59
6GW04* 6/10/1992 3.36 5.23 2" Sch 40 PVC 5 5 10 -1.64 -6.64
6GWO05B 9/14/2004 6.83 8.59 2" Sch 40 PVC 10 5 15 1.83 -8.17
6GW06 5/12/2000 10.66 11.77 2" Sch 40 PVC 10 8 18 2.66 -7.34
6GWO06B 9/18/2004 9.20 11.46 2" Sch 40 PVC 10 28 38 -18.80 -28.80
6GWO07 9/14/2004 6.84 8.66 2" Sch 40 PVC 10 8 18 -1.16 -11.16
6GW08 9/20/2004 3.07 5.61 1.5" Sch 40 PVC 5 31 36 -27.93 -32.93
6GW09 9/17/2004 11.83 14.38 2" Sch 40 PVC 10 20 30 -8.17 -18.17
6GWO9A 9/16/2004 12.76 15.17 2" Sch 40 PVC 10 40 50 -27.24 -37.24
6GW09B 9/16/2004 13.53 15.11 2" Sch 40 PVC 10 65 75 -51.47 -61.47
6GW10 9/18/2004 13.30 15.52 2" Sch 40 PVC 10 12 22 1.30 -8.70
6GW10A 9/16/2004 13.43 15.66 2" Sch 40 PVC 10 30 40 -16.57 -26.57
Newly Installed Monitoring Wells
6GW11 2/18/2009 28.64 32.16 2" Sch 40 PVC 10 28 38 0.64 -9.36
6GW12 2/20/2009 3.33 5.50 2" Stainless Steel 20 5 25 -1.67 -21.67
6GW12A 2/23/2009 3.44 5.69 2" Stainless Steel 20 40 60 -36.56 -56.56
6GW13 3/6/2009 2.10 4.53 2" Stainless Steel 20 10 30 -7.90 -27.90
6GW13A 3/3/2009 1.94 4.85 2" Stainless Steel 20 40 60 -38.06 -58.06
6GW14 3/3/2009 0.60 3.91 2" Stainless Steel 10 15 25 -14.40 -24.40
6GW15 3/9/2009 0.90 4.17 2" Stainless Steel 20 40 60 -39.10 -59.10
6GW16 6/16/2009 5.26 7.23 2" Sch 40 PVC 20 10 30 -4.74 -24.74
6GW17 6/18/2009 0.80 3.95 2" Stainless Steel 20 10 30 -9.20 -29.20
6GW18 6/22/2009 29.06 32.35 2" Sch 40 PVC 20 40 60 -10.94 -30.94
Notes:

ft msl - feet mean sea level

ft bgs - feet below ground surface
TOC - top of casing

* Drive point, no sand pack
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TABLE 3-3

Groundwater Elevations

Phase Il Remedial Investigation Report, Site 6
WPNSTA Yorktown, Yorktown, Virginia

Elevation of
TOC Elevation of Bottom of Water Level
Date of Elevation (ft | Top of Screen Screen Depth to Water (ft Elevation
Monitoring Well ID Survey msl) (ft msl) (ft msl) btoc) (ft msl)
6GWO01 6/15/1992* 12.80 5.45 -9.55 7.85 4.95
6GWO01A 9/9/1994* 12.10 -37.99 -51.89 7.11 4.99
6GW02 9/23/1994* 38.37 -4.03 -19.03 35.70 2.67
6GWO03 10/20/1994* 30.67 -9.59 -18.59 21.68 8.99
6GW04 6/10/1992 5.23 -1.64 -6.64 2.00 3.23
6GWO05B 2/8/2005 8.59 1.83 -8.17 5.02 3.57
6GWO06 5/12/2000* 11.77 2.66 -7.34 8.93 2.84
6GW06B 2/8/2005 11.46 -18.80 -28.80 7.75 3.71
6GWO07 2/8/2005 8.66 -1.16 -11.16 5.90 2.76
6GWO08 2/8/2005 5.61 -27.93 -32.93 2.42 3.19
6GWO09 2/8/2005 14.38 -8.17 -18.17 11.62 2.76
6GWO09A 2/8/2005 15.17 -27.24 -37.24 12.41 2.76
6GW09B 2/8/2005 15.11 -51.47 -61.47 12.24 2.87
6GW10 2/8/2005 15.52 1.30 -8.70 12.89 2.63
6GW10A 2/8/2005 15.66 -16.57 -26.57 12.91 2.75
6GW11 8/31/2009 32.16 0.64 -9.36 28.46 3.70
6GW12 8/31/2009 5.50 -1.67 -21.67 2.30 3.20
6GW12A 8/31/2009 5.69 -36.56 -56.56 2.64 3.05
6GW13 8/31/2009 4.53 -7.90 -27.90 2.30 2.23
6GW13A 8/31/2009 4.85 -38.06 -58.06 2.47 2.38
6GW14 8/31/2009 3.91 -14.40 -24.40 2.85 1.06
6GW15 8/31/2009 4.17 -39.10 -59.10 2.70 1.47
6GW16 8/31/2009 7.23 -4.74 -24.74 5.83 1.40
6GW17 8/31/2009 3.95 -9.20 -29.20 2.55 1.40
6GW18 8/31/2009 32.35 -10.94 -30.94 31.50 0.85

Notes:
ft msl - feet mean sea level
ft btoc - feet below top of casing

* - date on the Test Boring and Well Construction Record
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TABLE 3-4

Tide Levels During Sediment and Surface Water Sampling
Phase Il Remedial Investigation Report, Site 6

WPNSTA Yorktown, Yorktown, Virginia

Site 6 Surface Water Samples

Sample Number Date Time Tide
YS06-SW68-0809 8/4/2009 1100 High
YS06-SW69-0809 8/4/2009 1040 High
YS06-SW70-0809 8/4/2009 930 High
YS06-SW71-0809 8/4/2009 955 High
YS06-SW72-0809 8/4/2009 1020 High
YS06-SW73-0809 8/5/2009 1035 High
YS06-SW74-0809 8/5/2009 1135 High
YS06-SW75-0809 8/5/2009 1215 High
YS06-SW76-0809 8/6/2009 1020 High
YS06-SW77-0809 8/6/2009 1045 High
YS06-SW78-0809 8/6/2009 1145 High

*Source: http://tidesandcurrents.noaa.gov/
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SECTION 4

Physical Characteristics

This section presents an evaluation of the Site 6 physical characteristics pertaining to the
surface features and conceptual hydrogeology of the site. The physical setting of Site 6
including meteorology, topography, land and groundwater use, surface water drainage, and
the geology and hydrogeology are summarized in this section.

A detailed hydrogeologic conceptual model is important to describe the primary
mechanisms that control the fate and migration of contaminants in groundwater. The
hydrogeologic conceptual model provides the foundation for the development of the overall
CSM for Site 6. The physical characteristics also support the human health and ecological
risk assessments.

41 Meteorology

The climate of the Virginia Peninsula is influenced by the moderating effects of the Atlantic
Ocean, resulting in mild winters and long, warm summers. High humidity occurs
frequently along the coast and less frequently inland. The average relative humidity in mid-
afternoon is approximately 60 percent. Humidity is higher at night, and the average
humidity at dawn is approximately 80 percent. Ground fog is a frequent weather occurrence
in late summer, especially during early morning hours.

Freezing temperatures occur intermittently from October through March. The average
monthly temperatures in the area range from approximately 40 degrees Fahrenheit (°F) in
January to 80°F in July.

York County is subject to easterly storms throughout late summer and early fall, which
cause high tides and coastal flooding. Intense tropical hurricanes occasionally sweep the
coast. Winter storms that move along the eastern seaboard are often associated with high
winds and precipitation, occasionally in the form of snow, ice pellets, or rain; however, the
snow is seldom prolonged or heavy. The average annual precipitation is approximately

45 inches, with the summer months being the wettest and the winter months being the
driest.

4.2 Topography and Surface Features

Site 6 is generally wooded with some open areas near the existing buildings. As of March
2009, the buildings had been scheduled to be demolished and are currently unoccupied. The
topography ranges in elevation from approximately 40 ft above mean sea level (amsl) to less
than 10 ft amsl, and generally slopes downward from south to north and downward east to
west towards the impoundment area (Figure 4-1). Surface runoff from the site is conveyed
to Felgates Creek either directly by overland flow or via tributaries located adjacent to the
site.
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PHASE Il REMEDIAL INVESTIGATION REPORT, SITE 6

4.3 Land and Water Use

WPNSTA Yorktown is a secure military installation that occupies 10,624 acres. Site 6 is
located within a restricted area of WPNSTA and a special access badge is required to enter
the area. The site is also located inside an area encumbered by the Explosive Safety Quantity
Distance (ESQD) and cannot be developed for real estate purposes. Currently, there are no
activities at the site. The future site use is expected to remain the same as the current site
use.

The predominant source of domestic water supply for WPNSTA Yorktown and
surrounding communities is from the City of Newport News Waterworks through a series
of surface water reservoirs. Individual homes may obtain water from private wells installed
within the Yorktown-Eastover aquifer, but groundwater at the base flows towards the York
River and its tributaries. There are no drinking water wells at WPNSTA Yorktown; four
water supply wells have been abandoned.

Surface water bodies adjacent to Site 6 are not potable.

4.4 Surface Water Hydrology

WPNSTA Yorktown is situated within two major drainage basins, the York River Basin to
the north and the James River Basin to the south. Site 6 is situated within the York River
Basin along Felgates Creek and its unnamed tributary (Figure 4-1). Each is salt-water, tidally
influenced by the York River and surface water flow reverses due to the tidal fluctuation.
Flow from Felgates Creek discharges to the York River, which flows southeast to the
Chesapeake Bay.

4.5 Hydrogeology

4.5.1 Geology

WPNSTA Yorktown is situated within the Virginia Coastal Plain Physiographic Province.
The Virginia Coastal Plain is characterized by unconsolidated sediments of Quaternary,
Tertiary, and Cretaceous ages. The sediments thicken eastward from the Fall Line
(approximately 70 miles west of WPNSTA) and are approximately 6,000 ft thick below the
Eastern Shore Peninsula (Meng and Harsh, 1988).

Deposition and erosion associated with fluctuating sea levels resulted in terraces that
decrease in topographic elevation in a stair-step pattern with scarps oriented north to south,
that delineate the eroded shoreline along the toe of each terrace (Brockman et al., 1997). Two
terraces (Lackey Plain and Croaker Flat) are divided by one scarp (the Camp Peary Scarp)
within the boundaries of WPNSTA Yorktown. Site 6 is located on the lower terrace, Croaker
Flat (Figure 4-1).

Ten geologic formations have been identified beneath WPNSTA, and are shown in
Figure 4-2 (Brockman et al., 1997). The upper most geologic formations consist of alluvial,
colluvial, and marsh deposits composed of silt, sand, and pebbles with some clay. The
majority of the surficial unconsolidated sediment has been mapped as the Pleistocene
(Quaternary) Windsor Formation (Mixon et al., 1989).
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SECTION 4—PHYSICAL CHARACTERISTICS

Monitoring well lithologic data from the previous investigations and the RI provide
descriptions of the Site 6 subsurface geology. Two simplified hydrogeologic cross-sections
of the site, oriented to facilitate correlation among the monitoring wells (Figure 4-3), are
shown in Figures 4-4 and 4-5. Soil boring logs are provided in Appendix A.

The uppermost subsurface geology in the area of Site 6 is characterized by the Pleistocene
(Quaternary) Shirley Formation and the Pliocene (Tertiary) Yorktown Formation (Mixon et
al., 1989). The Shirley Formation is relatively thin, only occurs within topographically higher
areas located adjacent to the site, and consists of sand, gravel, silt, clay, and organics. The
uppermost portion of the Yorktown Formation (Yorktown confining unit) consists of clayey
silty sand to clay and generally only occurs within the topographically higher areas located
adjacent to the site. The lower portion of the Yorktown Formation (Yorktown-Eastover
aquifer) consists of silty sand to sand.

4.5.2 Hydrostratigraphy

Each geologic unit was grouped into hydrostratigraphic units based upon their hydrologic
characteristics (Lazniak and Meng, 1988 and Brockman et al., 1997). Based upon the
hydraulic characteristics of the geologic units present, the uppermost eight (Cobham Bay
Member of the Eastover Formation through the Tabb Formation) of the 10 geologic
formations have been identified as the York County Shallow Aquifer System. As shown in
Figure 4-2, the following five hydrogeologic units make up the York County Shallow
Aquifer System at WPNSTA Yorktown:

e Columbia aquifer (consisting of the Windsor through Tabb Formations)
e Cornwallis Cave confining unit (consisting of the Bacons Castle Formation)

e Cornwallis Cave aquifer (consisting of the upper Moore House Member of the Yorktown
Formation and the Sedley Formation)

e Yorktown confining unit (consisting of the upper Morgarts Beach and lower Moore
House Members of the Yorktown Formation)

e Yorktown-Eastover aquifer (consisting of the Cobham Bay through Rushmere Members
of the Yorktown Formation)

In the area of Site 6, the silts and sands associated with the Columbia aquifer are present at
the ground surface to a maximum depth of approximately 20 ft bgs in the topographically
higher areas. However, the aquifer is generally unsaturated. Underlying the Columbia
aquifer is the Yorktown confining unit. Within the Croaker Flat Terrace, the Cornwallis
Cave aquifer and confining unit are absent, as they were eroded prior to the deposition of
the sands of the Columbia aquifer.

The Yorktown confining unit is generally 10 to 20 ft thick and generally occurs in the
topographically higher areas within Site 6 (Figure 4-4). The confining unit separates the
underlying Yorktown aquifer from the Columbia aquifer. During recent drilling of
monitoring wells at Site 6, the Yorktown confining unit was found to be characterized by
clay or silty clay.
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Underlying the Yorktown confining unit in the topographically higher areas or exposed at
the ground surface in topographically lower areas in the Site 6 area is the coarse-grained to
fine-grained sand, silty sand, and shell of the Yorktown-Eastover aquifer. The aquifer is
generally the first encountered groundwater at the site (from depths ranging from 2 to 28 ft
bgs), is confined to semi-confined where it underlies the Yorktown confining unit and is
unconfined where the Yorktown confining unit does not exist. The saturated thickness is
approximately 80 ft thick in the vicinity of Site 6 and overlies the approximately 100- to
200-ft-thick Eastover-Calvert confining unit. Recharge to the aquifer is by precipitation
infiltration. No groundwater production from the Yorktown-Eastover aquifer occurs in the
area.

Due to the thickness of the Eastover-Calvert confining unit, it is unlikely that deeper units
have been influenced by historic releases at WPNSTA.

4.5.3 Aquifer Properties

Aquifer hydraulic conductivity (“slug”) testing was performed at three monitoring wells
completed within the Yorktown-Eastover aquifer. Table 4-1 summarizes the results of the
testing. The slug test data sets were analyzed by AQTESOLV™ using the Bouwer-Rice
solution method and the plots are provided in Appendix D.

The groundwater level response data from the slug tests displayed a concave-upward
curvature, which is most likely a result of the filter pack having a higher hydraulic
conductivity then the natural formation. The initial groundwater level response is likely
related to drainage from the filter pack, whereas the later response is representative of the
aquifer.

The average horizontal hydraulic conductivity values were estimated at 0.05, 0.2, and 0.4
foot per day (ft/day) for the upper (8-18 ft bgs), middle (10-30 ft bgs), and lower (40-60 ft
bgs) Yorktown-Eastover Aquifer. These values are consistent with the aquifer hydraulic
characteristics presented in the Phase I RI (CH2M HILL, 2007). The hydraulic conductivity
values reported for the upper Yorktown Aquifer were less than those for the lower
Yorktown-Eastover aquifer.

4.5.4 Groundwater Flow

Groundwater elevations measured during the Rl are presented in Table 3-3. The
groundwater elevation contour map is presented in Figure 4-6. The contour map for the
Yorktown-Eastover aquifer represents the first encountered groundwater beneath Site 6.

Groundwater flow within the Yorktown-Eastover aquifer is predominantly westward
(ranging from southwest to northwest) towards the Eastern Branch of Felgates Creek at an
average horizontal hydraulic gradient of approximately 0.01 foot per foot (ft/ft).
Groundwater flow discharges to the Eastern Branch of Felgates Creek.

Assuming the maximum hydraulic conductivity value discussed in Section 4.5.3 (also see
Table 4-1), an effective porosity of 30 percent, and the average horizontal hydraulic gradient
described above, the average linear horizontal groundwater velocity is approximately

0.01 ft/day.
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SECTION 4—PHYSICAL CHARACTERISTICS

4.5.5 Vertical Gradients

In addition to horizontal groundwater flow, groundwater also flows in the vertical
direction, such as from the vertical discharge of groundwater. Vertical gradients calculated
from the groundwater levels are presented in Table 4-2. No vertical gradient patterns were
apparent within the Yorktown-Eastover aquifer at Site 6. In general, monitoring wells
located adjacent to the Eastern Branch of Felgates Creek showed a slight upward vertical
gradient.
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TABLE 4-1

Slug Test Results

Phase Il Remedial Investigation Report, Site 6
WPNSTA Yorktown, Yorktown, Virginia

Average
Horizontal Horizontal
Hydraulic Hydraulic
Conductivity Conductivity
Well ID Test Type/lID (ft/day) (ft/day) Comments
6GWO06 Rising Head #1 0.05
Screen: 8-18 R|S|.ng Head #2 0.05 0.05 Geometric Mean
feet bgs Falling Head #1 0.06
Falling Head #2 0.03
6GW13 Rising Head #1 0.37
Screen: 10-30 R|S|.ng Head #2 0.20 021 Geometric Mean
feet bgs Falling Head #1 0.23
Falling Head #2 0.12
6GW15 Rising Head #1 0.73
Screen: 40-60 R|S|_ng Head #2 0.26 037 Geometric Mean
feet bgs Falling Head #1 0.30
Falling Head #2 0.33
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TABLE 4-2

Vertical Gradient

Phase Il Remedial Investigation Report, Site 6
WPNSTA Yorktown, Yorktown, Virginia

Reference
Point Screened Depth to | Groundwater | Vertical | Upward or
Elevation® Interval Water Elevation Gradient | Downward
Well ID (ft msl) (ft bgs) Aquifer (ft btoc) (ft msl) (ft/ft) Gradient
Downward Vertical Gradients within the Yorktown Eastover Aquifer
6GW12 5.5 5-25 Upper Yorktown Eastover Aquifer 2.3 3.20 -0.004
6GW12A 5.69 40 - 60 Lower Yorktown Eastover Aquifer 2.64 3.05
6GW07 8.66 8-18 Upper Yorktown Eastover Aquifer 5.9 2.76 0.194
6GW16 7.23 10 - 30 Lower Yorktown Eastover Aquifer 5.83 1.40
6GW04 5.23 5-10 Upper Yorktown Eastover Aquifer 2.00 3.23 -0.002 Downward
6GW08 5.61 31-36 Middle Yorktown Eastover Aquifer 2.42 3.19
6GW08 5.61 31-36 Middle Yorktown Eastover Aquifer 2.42 3.19 -0.104
6GW15 4.17 40 - 60 Lower Yorktown Eastover Aquifer 2.70 1.47
6GW04 5.23 5-10 Upper Yorktown Eastover Aquifer 2.00 3.23 0.041
6GW15 4.17 40 - 60 Lower Yorktown Eastover Aquifer 2.70 1.47
Upward Vertical Gradients within the Yorktown Eastover Aquifer
6GW01 12.8 5-20 Upper Yorktown Eastover Aquifer 7.85 4.95 0.001
6GWO1A 12.1 48 - 61.9 Lower Yorktown Eastover Aquifer 7.11 4.99
6GW13 4.53 10-30 Upper Yorktown Eastover Aquifer 2.3 2.23 0.005
6GW13A 4.85 40 - 60 Lower Yorktown Eastover Aquifer 2.47 2.38
6GW06 11.77 8-18 Upper Yorktown Eastover Aquifer 8.93 2.84 0.044
6GW06B 11.46 28 - 38 Lower Yorktown Eastover Aquifer 7.75 3.71
6GW10 15.52 12 - 22 Upper Yorktown Eastover Aquifer 12.89 2.63 0.007 Upward
6GW10A 15.66 30 - 40 Lower Yorktown Eastover Aquifer 12.91 2.75
6GW09 14.38 20 - 30 Upper Yorktown Eastover Aquifer 11.62 2.76 0.000
6GWO09A 15.17 40 - 50 Middle Yorktown Eastover Aquifer 12.41 2.76
6GWO09A 15.17 40 - 50 Middle Yorktown Eastover Aquifer 12.41 2.76 0.004
6GW09B 15.11 65 - 75 Lower Yorktown Eastover Aquifer 12.24 2.87
6GW09 14.38 20 - 30 Upper Yorktown Eastover Aquifer 11.62 2.76 0.002
6GW09B 15.11 65 - 75 Lower Yorktown Eastover Aquifer 12.24 2.87

Notes:

ft bgs - feet below ground surface

ft msl - feet (relative) mean sea level
ft btoc - feet below top of casing

Vertical gradient indicated is between identified and next lowest screen interval. Negative values indicate a downward vertical gradient.
1. Reference Point Elevation = top of casing elevation
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